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Description 

BACKGROUND OF THE INVENTION 
5 TECHNICAL FIELD 

[0001] The present invention relates to a synthetic quartz glass and a process for producing it, particularly to a syn- 
thetic quartz glass to be used as optical connponents such as a lens, a prism, an etaion, a photonnask and a pericle to 
be used for light in the vacuum ultraviolet region with a wavelength of at most 1 75 nm, and a process for producing it. 

70 

BACKGROUND ART 

[0002] A synthetic quartz glass has such characteristics that it is transparent within a wavelength range of as wide 
as from the near infrared region to the ultraviolet region, it has an extremely small thermal expansion coefficient and is 
15 excellent in dimensional stability, and it contains substantially no metal impurity and has a high purity. Accordingly, a 
synthetic quartz glass has been mainly used for optical components of a conventional optical apparatus employing g- 
line or i-line as a tight source. 

[0003] Along with high-integration of LSI in recent years, techniques to draw finer and thinner lines have been 
required In an optical lithography technology to draw an integration circuit pattern on a wafer, and accordingly use of 
20 light having a shorter wavelength as an exposure light source has been promoted. For example, for a light source of a 
stepper for lithography, a KrF excimer laser (wavelength: 248 nm), an ArF excimer laser (wavelength: 193 nm) or a F2 
laser (wavelength: 157 nm) is now to be used, as advanced from conventional g-line (wavelength: 436 nm) and i-line 
(wavelength: 365 nm). 

[0004] A synthetic quartz glass constituting an optical element of an optical system wherein such a light source is 
25 employed, is required to have light transmittance in a vacuum ultraviolet region with a wavelength of at most 1 75 nm 
(hereinafter referred to simply as "vacuum ultraviolet light transmittance"). 

[0005] In order to improve the vacuum ultraviolet light transmittance, JP-A-8-91867 proposes a synthetic quartz 
glass wherein the OH group content is at most 200 ppm, the chlorine concentration is at most 2 ppm, and the ^Si-Si= 
concentration is at most 1x10''^/cm^. JP-A-9-235134 proposes a synthetic quartz glass wherein the OH group content 
30 is from 10 to 400 ppm, and the concentration of each of reduction type defects and oxidation type defects is 
5x10^*^/cm^. JP-A- 7-267674 proposes a synthetic quartz glass which has an OH group content of from 100 to 2000 
ppm and which contains a transition metal, an all<ali metal or an alkaline earth metal in a concentration not higher than 
a prescribed concentration. 

[0006] Conventional synthetic quartz glasses are all designed to improve the vacuum ultraviolet light transmittance 
35 by adjusting the OH group content within a predetermined range, but it has been not necessarily possible to obtain a 
high transmittance in a vacuum ultraviolet region with a wavelength of at most 175 nm. 

[0007] The present invention has an object to provide a synthetic quartz glass which constantly exhibits an excel- 
lent vacuum ultraviolet light-transmittance and a process for its production. 

[0008] The present invention also has an object to provide a synthetic quartz glass excellent in the durability to 
40 ultraviolet light (i.e. deterioration of the transmittance by irradiation with ultraviolet lights being little) and a process for 
its production. 

DISCLOSURE OF THE INVENTION 

45 [0009] The present invention provides a synthetic quartz glass to be used for light in a vacuum ultraviolet region 
with a wavelength of at most 175 nm, which is characterized in that the OH group content in the synthetic quartz glass 
is less than 10 ppm, and it contains substantially no reduction type defects (hereinafter referred to as "the first glass"), 
[0010] Further, the present invention provides a synthetic quartz glass to be used for light in a vacuum ultraviolet 
region with a wavelength of at most 160 nm, which is characterized in that the OH group content in the synthetic quartz 

50 glass at most 5 ppm. and it contains substantially no reduction type defects (hereinafter referred to as "the second 
glass"). 

[0011] Further, in the following, when the synthetic quartz glass of the present invention is referred to, such refer- 
ence relates to a matter common to the first and second glasses. 

55 BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] The present inventors have found that the vacuum ultraviolet light transmittance of a synthetic quartz glass 
is substantially influenced by (1 ) the OH group content in the synthetic quartz glass and (2) the content of reduction type 
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defects represented by ^Si-Si^. Namely, it has been found possible to obtain a high vacuum ultraviolet light transmit- 
tance by controlling the contents of the OH groups and the reduction type defects. 

[001 3] Therefore, they have studied influences of the contents of the OH groups and the reduction type defects over 
the vacuum ultraviolet tight transmittance. As a result, it has been found that the OH group content in the synthetic 
5 quartz glass is influential over the light transmittance in a vacuum ultraviolet region with a wavelength of at most 175 
nm, and the higher the OH group content, the lower the light transmittance. If it is less than 1 0 ppm, a high light trans- 
mittance can be obtained, and particularly when it is not more than 5 ppm, an excellent light transmittance can be 
obtained even at a wavelength of at most 165 nm. 

[0014] Further, in the present invention, the reduction type defects are meant for eSi-Si= and have an absorption 
10 band having a wavelength of 163 nm at the center. The internal transmittance T163 (%/cm) at 163 nm is assumed to be 
represented by the following formula (1) by the OH group content Cqh iPP^) the synthetic quartz glass. 

Tig3(%/cm) s exp(-0.02Co,^ ^■®^)x100 (1) 

15 [0015] However, if there are reduction type defects, the actual transmittance (T-163) at a wavelength of 163 nm 
becomes smaller than the value on the right hand side of the Formula (1), since an absorption band having 163 nm at 
the center exists. Thus, it has been found that if substantially no reduction type defects are contained, it is possible to 
obtain an excellent vacuum ultraviolet light transmittance, and the present invention has been accomplished. 
[0016] In the present invention, "substantially no reduction type defects are contained" means that the Formula (1) 

20 relating to the internal transmittance at 1 63 nm is satisfied. 

[0017] With the first and second glasses, it is preferred that the internal transmittance at a wavelength of 157 nm is 
at least 80%/cm. 

[0018] In the synthetic quartz glass of the present invention, it is not essential but preferred that the hydrogen mol- 
ecule content is at least 5x10''^ molecules/cm'^. Hydrogen molecules have a function to suppress formation of defects 
25 under irradiation with ultraviolet lights, and if the content is at least 5x10^^ molecules/cm^, an adequate durability to 
ultraviolet light can be obtained, such being preferred. It is more preferably from 1x10*'^ to 5x10^® molecules/cm^, still 
more preferably from 5x1 0^^ to 5x1 0^® molecules/cm^. 

[0019] Metal impurities such as alkali metals, alkaline earth metals or transition metals in the synthetic quartz glass 
of the present invention not only deteriorate the vacuum ultraviolet light transmittance but will be a factor to deteriorate 
30 the durability to ultraviolet light, and their content is preferably as small as possible. Specifically, the total content of 
metal impurities is preferably at most 100 ppb, particularly preferably at most 50 ppb. 

[0020] Further, chlorine will also be a factor to deteriorate the durability to ultraviolet light, and the chlorine content 
in the synthetic quartz glass is preferably as small as possible. Specifically, it is preferably not more than 100 ppb, par- 
ticularly preferably not more than 50 ppb. 
35 [0021] In the present invention, as a process for producing the synthetic quartz glass, a direct method, a soot 
method (VAD method, OVD method) or a plasma method may, tor example, be mentioned. The soot method is partic- 
ularly preferred, since the synthesizing temperature is low, and contamination with impurities such as chlorine and met- 
als can be avoided. By the soot method, it is possible to control the OH group content in the synthetic quartz glass within 
a relatively wide range. 

40 [0022] Now, a process for producing the synthetic quartz glass of the present invention by the soot method will be 
described in detail. 

[0023] Step (a): Fine particles of quartz glass obtained by subjecting a quartz glass-forming material to flame 
hydrolysis, are deposited and grown on a substrate to form a porous quartz glass body. The glass-forming material is 
not particularly limited so long as it is a gasifiable material. However, it may, for example, be a halogenated silicon com- 

45 pound such as a chloride, such as SiC^, SiHCl3, SiHgClg or SiCH3Cl3, a fluoride such as SiF4, SiHFg or SiHgFg, a bro- 
mide such as SiBr4 or SiHBrs, an iodide such as Sil4, or an alkoxysilane represented by RnSi(OR)4.n (wherein R is a 
C1.4 alky) group, and n is an integer of from 0 to 3). Further, as the above substrate, a seed rod made of quartz glass 
(for example, a seed rod disclosed in JP-B-63-24973) may be employed. Further, not only a rod shaped substrate, but 
also a plate shaped substrate may be employed. 

50 [0024] Step (b): The porous quartz glass body is held in fluorine or a fluorine-containing atmosphere at a temper- 
ature of not higher than 600°C to obtain a porous quartz glass containing fluorine. As the fluorine-containing atmos- 
phere, an inert gas atmosphere containing from 0.1 to 100 volume% of a fluorine-containing gas (such as SiF/i, SFg, 
CHF3, CF4 or F2) is preferred. 

[0025] It is preferred to carry out the treatment in such an atmosphere at a temperature of not higher than 600°C 
55 under a pressure of from 0.1 to 10 atm for from a few tens minutes to a few hours. In the present invention, "atm" and 
"Torr" are not gauge pressures but mean absolute pressures. 

[0026] Further, in Step (b), it is preferred that while maintaining the atmosphere under reduced pressure (not higher 
than 100 Torr, particularly preferably not higher than 10 Torr) at a temperature of not higher than 600°C, a fluorine-con- 
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taining gas is introduced until the pressure became normal pressure to form a fluorine-containing atmosphere, whereby 
fluorine can be doped to the porous quartz glass body uniformly and in a short time. 

[0027] In such a case, fluorine can be doped by substituting fluorine for OH groups in the porous quartz glass body, 
as shown by the Formula (2): 

-Si-OH + F -Si-F + OH (2) 



[0028] If Step (b) is carried out in a range other than the above conditions, the reactivity of fluorine gas becomes 
high, and reduction type defects (=Si-Si=) tend to be formed in the synthetic quartz glass body, although the mecha- 
70 nism is not certain. However, even when fluorine is doped at a temperature exceeding 600°C, formation of reduction 
type defects can be suppressed by carrying out the operation in an atmosphere containing from 5 to 90 volume% of 
oxygen. Further, the fluorine content is preferably equal to the OH group content which decreases by fluorine doping. 
The fluorine content in the synthetic quartz glass is preferably from 50 to 3000 ppm. 

[0029] Step (c): The porous quartz glass body containing fluorine is heated to the transparent vitrification temper- 
15 ature in an atmosphere containing substantially no fluorine, for transparent vitrification, to obtain a synthetic quartz 
glass. 

[0030] The transparent vitrification temperature is usually from 1 300 to 1 600°C, particulariy preferably from 1 350 to 
1500^0. 

[0031] The atmosphere containing substantially no fluorine is not particularly limited so long as a fluorine-contain- 
20 ing gas (such as SiF^, SFg, CHF3, CF^ or F2) is not more than 0.1 volume% at the initiation of the treatment of Step (c), 
and it is preferably an atmosphere composed of 100% of an inert gas such as helium or an atmosphere containing, as 
the main component, an inert gas such as helium. The pressure may be reduced pressure or normal pressure. Partic- 
ulariy in the case of the normal pressure, helium gas may be employed. In the case of the reduced pressure, it is pref- 
erably 1 00 Torr or less. 

25 [0032] It is preferred to further have a Step (g) of reducing the pressure of the atmosphere and maintaining the 
porous quartz glass body containing fluorine under reduced pressure for a predetermined time, between Steps (b) and 

[0033] Further, the synthetic quartz glass of the present invention can be produced also by a Step (e) of maintaining 
the porous quartz glass body after Step (a) under a pressure of at most 1 Torr at a temperature of from 1 000 to 1 300°C 
30 for a predetermined time for dehydration, followed by raising the temperature to the transparent vitrification temperature 
under a pressure of at most 1 Ton* for transparent vitrification. 

[0034] Further, in the production of the synthetic quartz glass of the present invention, after Step (c) or Step (e), it 
is possible to carry out a Step (f) of doping hydrogen into the synthetic quartz glass by heat treating the transparent 
quartz glass body obtained from Step (c) or Step (e) at a temperature of not higher than 600°C in an atmosphere con- 
35 taining hydrogen gas. By carrying out hydrogen treatment at a low temperature, it is possible to prevent formation of 
defects such as =Si-H= or -Si-Si= which bring about deterioration of the vacuum ultraviolet light transmittance or the 
ultraviolet resistance. As the atmosphere containing hydrogen gas, an inert gas atmosphere containing from 0.1 to 100 
volume% of hydrogen gas, is preferred. 

[0035] The synthetic quartz glass of the present invention may be used for a lens of a projection exposure appara- 
40 tus (such as a stepper lens) or other optical components. To obtain optical characteristics required as the optical com- 
ponents, it is necessary to optionally carry out heat treatment such as un {formalization, molding or annealing 
(hereinafter referred to as optical heat treatment). The optical heat treatment may be carried out before or after Step (f). 
[0036] However, the optical heat treatment requires a high temperature of from 800 to 1500°C, and accordingly, 
even if hydrogen is incorporated in Step (f), it is possible that the hydrogen molecule content decreases by a subse- 
ts quent optical heat treatment. Accordingly, in a case where an optical heat treatment is carried out after Step (f), it is pre- 
ferred to carry out the treatment in an atmosphere containing from 0.1 to 100 volume% of hydrogen gas under a 
pressure of from 1 to 30 atm. Further, in a case where an optical heat treatment is carried out after Step (f), a furnace 
for the optical heat treatment is required to have an explosion-proof structure. Accordingly, it is preferred to carry out the 
optical heat treatment before Step (f). 
50 [0037] Now, the present invention will be described in further detail with reference to Examples of the present inven- 
tion and Comparative Examples. However, the present invention is by no means restricted by these Examples. 

EXAMPLES 1 to 14 



55 [0038] Fine particles of Si02 formed by subjecting SiCl4 to hydrolysis in an oxyhydrogen flame by a soot method, 
were deposited and grown on a substrate to form a porous quartz glass body of 400 mm in diameter x 600 mm in 
length. The porous quartz glass body was placed in an electric furnace capable of controlling the atmosphere and main- 
tained under a reduced pressure of at most 10 Torr at room temperature, and then a helium gas containing SiF4 was 
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introduced to normal pressure. In this atmosphere, the porous quartz glass body was held under nornnal pressure at 
room temperature for a few hours to carry out dehydration of the glass body. Then, while maintaining it under reduced 
pressure of at most 1 0 Torr in an atmosphere containing substantially no fluorine, the temperature was raised to 1450°C 
and maintained at this temperature for 10 hours to obtain a synthetic quartz glass (200 mm in diameter x 450 mm in 
5 length). 

[0039] Further, the obtained synthetic quartz glass was cut to a size of 200 mm in diameter x 1 0 mm in thickness. 
With respect to each of synthetic quartz glasses of Examples 1 to 13, it was held in a hydrogen-containing atmosphere 
under the condition shown in Table 1 for 30 hours to carry out doping of hydrogen into the synthetic quartz glass. 
[0040] In the above production process, the content of OH groups and the content of reduction type defects in the 

10 obtained synthetic quartz glass were controlled by adjusting the volume ratio of oxygen and hydrogen gas in the oxy- 
hydrogen flame at the time of producing a porous quartz glass, the concentration of a fluorine compound, the treating 
time and the treating temperature at the time of maintaining the porous glass body in the atmosphere containing a flu- 
orine compound. Further, the content of hydrogen molecules in the synthetic quartz glass was controlled by adjusting 
the treating temperature, the hydrogen concentration in the atmosphere and the total pressure at the time of carrying 

75 out the hydrogen doping. Further, details of the treating conditions in the production process of each example, are 
shown in Table 1 . 



Table 1 





Synthetic conditions 
(O2/H2 volume ratio) 


Fluorine treatment conditions 
(atmosphere, treating tempera- 
ture, treating time) 


Hydrogen treatment conditions 
(treating temperature, atmos- 
phere, pressure) 


Example 1 


15/25 


SiF4/He=:1/99vol% • 25°C • 5hr 


500*>C • H2=1 00vol% • 1 0atm 


Example 2 


15/25 


SiF4/He=1/99vol% -25^0 • lOhr 


500*^0 • H2=1 00vol% • lOatm 


Example 3 


16/22 


SiF4/He=1/99vol% •25**C • lOhr 


500°C • H2=1 00vol% • 1 0atm 


Example 4 


15/25 


SiF4/He=1/99vol% -SOO^C • 5hr 


500°C • H2=1 00vol% • 1 0atm 


Example 5 


15/25 


SiF4/He=1/99vol% •550°C -Shr 


500^C • H2=1 00vol% • 10atm 


Example 6 


15/25 


SiF4/He=1/99vol% • 700°C • 5hr 


500^C • H2=1 00vol% • 1 0atm 


Example 7 


15/25 


SiF4/He=1/99vol% • 900°C • 5hr 


500^C • H2=1 00vol% • 1 0atm 


Example 8 


15/25 


SiF4/He=1/99vol% • 25°C • 5hr 


700X • H2=1 00vol% • 1 0atm 


Example 9 


14/26 


SiF4/He=1/99vol% • 25°C • 30min 


500°C • H2=1 00vol% • 1 0atm 


Example 10 


14/26 


SiF4/He=1/99vol% • 25°C • 1 0min 


500^C • H2=1 00vol% • lOatm 


Example 1 1 


15/25 


No treatment 


500°C • H2=1 00vol% • 1 0atm 


Example 12 


15/25 


SiF4/He=1/99vol% • 25^C • 5hr 


500°C • H2=1 00vol% • 1 atm 


Example 13 


15/25 


SiF4/He=1/99vol% -25^0 - 5hr 


500°C • H2/He=15/85vol% • latm 


Example 14 


15/25 


SiF4/He=1 /99vol% • 25<^C • 1 0hr 


No treatment 



45 EXAMPLES 15 to 19 

[0041] Fine particles of Si02 formed by subjecting SiCl4 to hydrolysis in an oxyhydrogen flame by a soot method, 
were deposited on a substrate to obtain a porous quartz glass body of 400 mm in diameter x 600 mm in length. The 
porous quartz glass body was placed in an electric furnace capable of controlling the atmosphere, and the temperature 
50 was raised under a reduced pressure of at most 1 Torr and maintained at 1200*^0 for a predetermined time. Then, the 
temperature was raised to 1450°C and maintained at this temperature for 10 hours to obtain a synthetic quartz glass 
(200 mm in diameter x 450 mm in length). 

[0042] The obtained synthetic quartz glass was cut into a size of 200 mm in diameter x 10 mm in thickness, and 
with respect to each of synthetic quartz glasses of Examples 15 to 18, it was held in a hydrogen-containing atmosphere 
55 under the conditions shown in Table 2 for 30 hours to carry out hydrogen doping into the synthetic quartz glass. 

[0043] In the above production process, the content of OH groups and the content of reduction type defects in the 
synthetic quartz glass were controlled by adjusting the holding time at 1200*^0. Further, the content of hydrogen mole- 
cules in the synthetic quartz glass was controlled by adjusting the treating temperature, the hydrogen concentration in 



5 

BNSDOCIDkEP 1067097A1_U> 



EP 1 067 097 A1 

the atmosphere and the total pressure at the time of carrying out hydrogen doping. Further, details of the treating con- 
ditions in the production process of each Example, are shown in Table 2. 



Table 2 





Vitrification (Holding time 
at 1200^C) 


Hydrogen treatment condi- 
tions (treating temperature, 
atmosphere, pressure) 


Example 15 


lOhrs 


500^C • H2=1 00vol% • 1 0atm 


Example 16 


25hrs 


500°C • H2=1 00vol% • 1 0atm 


Example 17 


40hrs 


500'*C • H2=1 00vol% • 1 0atm 


Example 18 


Nil 


500^C • H2=1 00vol% • 1 0atm 


Example 19 


20hrs 


No treatment 



[0044] The OH group contents, the hydrogen molecule contents, the 163 nm internal trans mittances and the pres- 
ence or absence of reduction type defects of the synthetic quartz glasses obtained in Examples 1 to 18, were deter- 
20 mined in accordance with the following methods. The results are shown in Table 3. 

Preparation of samples : 

[0045] The peripheries of the synthetic quartz glasses obtained in Examples 1 to 19 were ground to obtain blocks 
25 of 1 80 mm in diameter x 10 mm in thickness, which were used as samples. 

[0046] Further, the surface portions and the peripheral portions of the obtained synthetic quartz glasses were 
ground to obtain blocks of 180 mm in diameter x 4 mm in thickness, which were used as samples. 

OH group content : 

30 

[0047] Measurement by an infrared spectrophotometer was carried out, and the OH group content was obtained 
from the absorption peak at a wavelength of 2.7 |im (J. P. Williams et. al., Ceramic Bulletin, 55(5), PP. 524, 1976). 

Hydrogen molecule content : 

35 

[0048] Raman spectrometry was carried out, and the hydrogen molecule content [molecules/cm^] was obtained 
from the intensity ratio (=14135/1800) 0^ intensity I4-135 of the scattering peak at 4135 cm of the laser Raman spec- 
trum to the intensity IgQo of the scattering peak at 800 cm"^ which is the fundamental vibration between silicon and oxy- 
gen (V.S. Khotimchenko et. al., Zhurnal Prikladnoi Spektroskopii, Vol. 46, No. 6, pp. 987-997, 1986). The detection limit 
40 by this method is 1x10^^ molecules/cm^. 

Reduction type defects : 

[0049] By using a vacuum ultraviolet spectrophotometer (VTMS-502, manufactured by Acton Research), the inter- 
ns nal transmittance at 1 63 nm was measured with respect to synthetic quartz glass samples having thicknesses of 1 0 mm 
and 4 mm, and the presence or absence of reduction type defects was evaluated by comparison with the value calcu- 
lated from the OH group content in the synthetic quartz glasses by the right side of the Formula (1). Namely, when the 
Formula (1) was satisfied, reduction type defects were regarded as "present", and when the Formula (1) was not satis- 
fied, reduction type defects were regarded as "absent". 
50 [0050] Then, with respect to samples prepared from the synthetic quartz glasses of Examples 1 to 1 9. the following 
evaluations 1 to 4 were carried out. 

Evaluation 1 : 

55 [0051] Using a vacuum ultraviolet spectrophotometer (VTIVlS-502, manufactured by Acton Research), the internal 
transmittance at 172 nm was measured, as an index for transmittance in a vacuum ultraviolet region with a wavelength 
of at most 175 nm, with respect to samples having thicknesses of 10 mm and 4 mm. 
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Evaluation 2 : 



[0052] Using a vacuum ultraviolet spectrophotometer (VTMS-502, manufactured by Acton Research), the internal 
transmittance at 157 nm was measured as an index for transmittance in a vacuum ultraviolet region w/ith a wavelength 
5 of at most 160 nm with respect to samples having thicknesses of 10 mm and 4 mm. 

Evaluation 3 : 



[0053] Samples having a thickness of 10 mm were irradiated for 3 hours under a condition of Xe2* excimer lamp 
10 (wavelength: 172 nm) being 10mW/cm^. The transmittance at 163 nm was measured before and after the irradiation, 
whereby the change (AT-jgs) in the transmittance at 163 nm by the irradiation was calculated. The smaller the AT163, 
the better the durability to ultraviolet light 

[0054] The results of the respective evaluations are shown in Table 4. Examples 1 to 5, 12 to 17 and 1 9 represent 
Examples of the present invention, and other Examples represent Comparative Examples. 



Table 3 





OH group content 
(ppm) 


Hydrogen molecule 
content (mole- 
cules/cm^) 


1 63 nm internal trans- 
mittance (%/cm) 


Presence or absence 
of reduction type 
defects 


txsmpie 1 


D.*+ 


1 .ox 1 u 


y 1 .0 


Absent 


txampie ^ 




1 Dv^i n18 
1 .0X1 U 


yj. / 


Absent 


1 Aul 1 lUilC 0 


2.7 


1 .8x1 0^® 


96.0 


/AUoCi 1 L 


Example 4 


5.8 


1.8x10^^ 


92.3 


Absent 


Example 5 


5.6 


1.8x10^® 


92.5 


Absent 


Example 6 


4.1 


1.8x10^^ 


66.5 


Present 


Example 7 


3.8 


1.8x10^^ 


15.5 


Present 


Example 8 


5.8 


1.8x10''® 


84.8 


Present 


Example 9 


13.7 


1.8x10''® 


84.8 


Absent 


Example 10 


23.1 


1.8x10''® 


77.4 


Absent 


Example 1 1 


143 


1.8x10''® 


29.8 


Absent 


Example 12 


6.6 


1.7x10''^ 


91.6 


Absent 


Example 13 


6.5 


2.1x10^^ 


91.7 


Absent 


Example 14 


4.5 


ND 


93.7 


Absent 


Example 15 


7.4 


1.8x10^® 


90.7 


Absent 


Example 16 


4.3 


1.8x10^® 


94.1 


Absent 


Example 17 


2.8 


1.8x10^® 


95.8 


Absent 


Example 18 


53 


1.8x10^® 


59.4 


Absent 


Example 19 


4.2 


ND 


94.1 


Absent 



55 
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Table 4 



25 



30 





Evaluation 1 


Evaluation 2 


Evaluation 3 




172 nm internal transmit- 
tance (%/cm) 


1 57 nm internal transmit- 
tance (%/cm) 


AT, 63 (*»/^cm) 


Example 1 


92.0 


76.3 


ND 


Example 2 


93.7 


80-5 


ND 


Example 3 


95,8 


86.0 


ND 


Example 4 


92.6 


77.6 


ND 


Example 5 


92.8 


78.1 


ND 


Example 6 


77.8 


73.2 


0.35 


Example 7 


48.9 


20.5 


0.63 


Example 8 


90.4 


71.3 


0.10 


Example 9 


86.1 


63.6 


ND 


Example 10 


80.0 


52.5 


ND 


Example 1 1 


40.5 


10.9 


ND 


Example 12 


91.8 


75.9 


0.01 


Example 13 


91.9 


76.1 


0.05 


Example 14 


93.8 


80.8 


0.05 


Example 15 


91.1 


74.2 


ND 


Example 16 


94.1 


81.3 


ND 


Example 17 


95.7 


85.7 


ND 


Example 18 


65.6 


32.2 


ND 


Example 19 


94.2 


81.6 


0.06 



INDUSTRIAL APPLICABILITY 



[0055] According to the present invention, it is possible to obtain a synthetic quartz glass excellent in the vacuum 
40 ultraviolet light transmittance. Further, according to the present invention, it is possible to obtain a synthetic quartz glass 
excellent also in the durability to ultraviolet light. Accordingly, it is suitable for use as a base material constituting an opti- 
cal element to be used for light in a vacuum ultraviolet region. 

Claims 

45 

1. A synthetic quartz glass to be used for light in a vacuum ultraviolet region with a wavelength of at most 175 nm, 
which is characterized in that the OH group content in the synthetic quartz glass is less than 1 0 ppm, and it contains 
substantially no reduction type defects. 

50 2. A synthetic quartz glass to be used for light in a vacuum ultraviolet region with a wavelength of at most 160 nm. 

which is characterized in that the OH group content in the synthetic quartz glass is at most 5 ppm, and it contains 
substantially no reduction type defects. 

3. The synthetic quartz glass according to Claim 1 or 2. which is characterized in that the hydrogen molecule content 
55 in the synthetic quartz glass is at least 5x10^® molecules/cm^. 

4. The synthetic quartz glass according to Claim 1 or 2, which is characterized in that the internal transmittance at a 
wavelength of 157 nm is at least 80%/cm. 
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5. A process for producing a synthetic quartz glass as defined in Clainn 1 or 2, which is characterized by carrying out 
in this order: 

(a) a step of depositing and growing fine quartz glass particles obtained by subjecting a glass-forming material 
5 to flame hydrolysis, on a substrate, to form a porous quartz glass body; 

(b) a step of holding the porous quartz glass body in a fluorine-containing atmosphere at a temperature of at 
most 600°C, to obtain a porous quartz glass body containing fluorine; and 

(c) a step of raising the temperature of the porous quartz glass body containing fluorine to the transparent vit- 
rification temperature in an atmosphere containing substantially no fluorine, for transparent vitrification, to 

10 obtain a synthetic quartz glass. 

6. A process for producing a synthetic quartz glass as defined in Claim 1 or 2, which is characterized by carrying out 
in this order: 

15 (d) a step of depositing and growing fine quartz glass particles obtained by subjecting a glass-forming material 

to flame hydrolysis, on a substrate, to form a porous quartz glass body; and 

(e) a step of holding the porous quartz glass body under a pressure of at most 1 Torr at a temperature of from 
1 ,000 to 1 ,300°C, for dehydration, followed by raising the temperature to the transparent vitrification tempera- 
ture under a pressure of at most 1 Torr, for transparent vitrification, to obtain a synthetic quartz glass. 

20 

7. The process for producing a synthetic quartz glass according to Claim 5 or 6, which is characterized by including 
a step of holding the transparent quartz glass body in a hydrogen atmosphere at a temperature of at most 600°C 
to incorporate hydrogen atoms into the transparent quartz glass body. 



25 
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